This paper examines the factors affecting suicide in 13 European OECD countries from a socio-economic perspective. We use the autoregressive distributed lag approach to cointegration as the estimation methodology. Our results reveal that an increasing impact of divorce rates and a decreasing effect of per capita real GDP on suicide are confirmed in 9 countries. However, the evidence on the effects of fertility rates and per capita alcohol consumption are relatively less. For fertility rates, the results reveal that its increase leads to a decrease in suicide rates in four countries and a rise in suicide rates in one country. As for per capita alcohol consumption, the evidence supporting its significantly increasing effects on suicide rates is only confirmed in three countries. In addition, the tests of the cumulative sum and the cumulative sum of squares of the recursive residuals provide evidence indicating the stability of the estimated model.
Introduction
Suicide is the tragic end of a life. Since it has become a serious social problem in many countries, the examination of its causes and effects is a subject of study by many researchers.
In spite of its importance, studies on suicide are still scarce from the economic perspective. As pointed out by Altinanahtar and Halicioglu (2009) , previous studies on suicide have primarily been conducted from psychological and sociological viewpoints. Medical professionals consider suicide to be caused by depression and psychiatric disorders (e.g., Mann et al., 2005) .Émile Durkheim, a famous sociologist, examines the determinants of suicide by focusing on the problems caused by social structure, instead of the personal factors of the individuals in his seminal work, "Le Suicide:Étude de Sociologie" (Durkheim, 1897) . In contrast, Hamermesh and Soss (1974) , who study suicide from an economic perspective, regard suicide as the behavior of a rational individual who maximizes their discounted expected utility. 1 In an attempt to contribute to the suicide literature from the perspective of socio-economics, the purpose of this paper is to explore the similarities and differences of the determinants of suicide in European OECD countries. A time series analysis methodology, namely the autoregressive distributed lag (ARDL) approach to cointegration, will be applied. A literature review reveals several related studies. Using data from 17 European countries, Mäkinen (1997) illustrates that social factors, such as female labor participation and divorce rates, have significant impacts on suicide. Andrés (2005) , using panel data from 15 European countries, shows that economic growth, fertility rates, and alcohol consumption appear to have significant impacts on male and female suicide rates. 2 Regarding time series analysis in a single country, Altinanahtar and Halicioglu (2009) , using the ARDL approach, focus on the case of Turkey and find that urbanization is the most significant determinant of suicide. Andrés and Halicioglu (2010) demonstrate that a rise in per capita real income and fertility rates and a fall in unemployment rates decrease the suicide rates for males and females in Denmark, adopting a similar estimation approach. Andrés and Halicioglu (2011) also employ the ARDL approach to study the natural suicide rates in OECD countries and suggest that the suicide rates of a society could never be zero, even if both economic and social conditions were ideal from the point of view of suicide. 3 Our paper differs from the previous studies in several aspects. Unlike previous empirical studies on the determinants of suicide that apply panel data and seek to determine the common factors of suicide (e.g., Neumayer, 2003; Chen, Choi, and Sawada, 2009), we will employ the time series analysis methodology on individual countries. This will enable us to clarify the effects, which may be overlooked in a panel analysis, leading to the identification of the country-specific determinants of suicide. Another advantage of a time series analysis for individual countries is that it can control racial, genetic, and climatic factors, to some extent. This paper complements the work of Altinanahtar and Halicioglu (2009) and Andrés and Halicioglu (2010, 2011) by providing evidence for an increased number of countries. Moreover, we conduct stability tests, CUSUM (cumulative sum) and CUSUMSQ (CUSUM of squares) of the recursive residuals not conducted in previous studies. The stability test is very important, since the cointegration relationship does not imply the stability of the estimated model. Hence, appropriate stability tests need to be conducted after the cointegration is established (e.g.,
Bahmani-Oskooee and Chomsisengphet, 2002).
Due to the availability of data, only 13 OECD countries are analyzed. 4 Using the ARDL approach, our estimation results illustrate that divorce rates reflecting the family factor, and per capita real GDP representing the economic factor, have significant impacts on suicide.
The increasing effects of divorce rates and the reducing effect of per capita GDP on suicide is confirmed in most selected countries. Furthermore, our results present a diminishing effect of fertility rates on suicide only in some countries and an increasing impact of alcoholic consumption on suicide only in a few countries. Therefore, per capita real GDP and divorce rates are more common and robust determinant factors of suicide than fertility rates and alcoholic consumption. Additionally, the CUSUM and CUSUMSQ tests provide evidence supporting the stability of the estimated models.
The rest of this paper is structured as follows. Section 2 explains the estimation methodology. Section 3 provides the empirical analysis, including the data and estimation results. Section 4 is the conclusion.
Estimation Methodology
In an attempt to explore the determinants of suicide, our study focuses on socio-economic factors, such as economic conditions and family factors. As an economic factor, per capita real GDP is taken into account. Previous studies have revealed that an increase in the level of per capita real GDP leads to a decrease in suicide rates (e.g., Altinanahtar and Halicioglu, 2009; Chen, Choi, and Sawada, 2009; Andrés and Halicioglu, 2010). Moreover, we focus on two variables reflecting family factors, namely divorce rates and fertility rates. An isolated situation, which means that family ties are sparse, may tend to cause suicide. The inclusion of divorce rates is motivated by Burr et al. (1994) , Mäkinen (1997) , and Chen, Choi, and Sawada (2010), who argue that a high level of divorce rates increases suicide rates. The consideration in fertility rates is based on Mäkinen (1997), Mathur and Freeman (2002) , and Chen, Choi, and Sawada (2010). However, the fertility effect on suicide rates is empirically controversial.
Hence, fertility rates can affect suicide negatively or positively. Finally, to control personal factors, we consider per capita alcoholic consumption, following Mathur and Freeman (2002) and Chen, Choi, and Sawada (2010). Compared to socio-economic factors, such as economic condition and family structure, addiction to alcohol is more a personal behavior. An excessive alcohol intake is related to mental illness, and as a result, suicide rates may increase. Given these discussions, our estimation equation is specified in a logarithm form as follows:
where s is the suicide rates per 100,000 people; d is the divorce rates measured as the share of the number of divorces to the total population; y stands for per capita GDP; f represents fertility rates calculated as the number of births per woman; a is the alcohol consumption per capita in liters; and ε is the error term. The expected signs of the estimated coefficients are as follows: α 1 and α 4 are expected to be positive; α 2 is expected to be negative; and α 3 can be positive or negative.
The cointegration method is applied in our analysis. Instead of the conventional methods of cointegration, such as the residual-based approach proposed by Engle and Granger (1987) and the maximum likelihood-based approach proposed by Johansen and Juselius (1990), we adopt the method proposed by Pesaran et al. (2001), known as the ARDL approach to cointegration. This approach has an advantage over other two, since it does not require that the variables in consideration be in the same integration order, I(1).
Equation (1) can be rewritten as an unrestricted error correction representation of the following ARDL model:
where ν is the error term.
The steps for the ARDL estimation are as follows. First, we test whether there exists a long-run relationship between considering variables in the estimation equation, using the F test. More specifically, the null hypothesis of no cointegration or no long-run relationship, 
Estimation Results
Although the ARDL approach does not require that the variables in consideration be I Although, in Hungary, the result illustrating that lny is I(1) is somewhat weak, based on the ADF and PP tests, when employing the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) unit root test, the hypothesis that the first difference of lny is stationary can not be rejected, even at the 10% significance level for the model with the intercept. Therefore, it is reasonable to judge lny as I(1) in Hungary.
[ [ Table 2 here]
As the next step, Equation (2) is estimated using the ARDL approach. We set the maximum lag order to two for our estimation. 7 Under this maximum lag setting, the ARDL model for each country is selected using the SBC. Table 3 presents the long-run estimation results. The estimated coefficients of the EC terms are also reported in Table 3 . The third column of the table illustrates the selected ARDL model for each country.
[ Table 3 here]
As can be seen in the table, except for the cases of Finland, Luxembourg, the Netherlands, and Sweden, the coefficients of the EC terms are significantly negative and smaller than unity in absolute values, implying the evidence supporting the existence of a cointegration relationship among variables in most countries. However, this does not assure that all variables are in the cointegration vector space. We need to verify the significance of the estimated coefficients of the variables in consideration in the long-run estimation results. Except for Finland, Iceland, Luxembourg, and Sweden, Table 3 illustrates that the estimated coefficients of the divorce rates, lnd, are statistically significant and have positive signs, as expected. These results imply that an increase in divorce rates leads to an increase in suicide rates in most countries in our study. For per capita real GDP, lny, except for Finland, France, Iceland, and Luxembourg, it is evident that an increase in per capita real GDP contributes to a reduction in suicide rates. The reduction effect of per capita real GDP on suicide for the case of Denmark is consistent with that of Andrés and Halicioglu (2010), who apply a similar approach, but use a different model specification. For fertility rates, lnf, whose effect on suicide can be negative or positive, our estimation confirms statistically significant results in five out of 13 countries.
More specifically, in the significance cases, an increase in fertility rates leads to a decrease in suicide in Austria, Denmark, Norway, and Switzerland, while it leads to an augmentation in suicide in the case of Finland. For per capital alcohol consumption, lna, the evidence showing its significant impact on suicide is fewer than other variables in consideration. We can confirm its positive effect, as expected, but only in three out of the 13 selected counties. The countries in which the estimated coefficient of per capita alcohol consumption is statistically significant include Austria, Belgium, and Switzerland. Finally, our results illustrate that the estimated coefficient of the constant term in each country is significantly positive in all countries, except
France and Iceland, whose estimated coefficients are not significant. This finding supports the concept of natural suicide rates in most countries, which suggests that the suicide rates of a society could never be zero, even if both economic and social conditions were ideal from the point of view of suicide. These results are also consistent with that of Andrés and Halicioglu (2011) , who conduct their study on the case of OECD countries.
To investigate the stability of the estimated models, we also conduct CUSUM and CUSUMSQ stability tests for each country in which the existence of a cointegration relationship is confirmed from the results of the EC term's estimated coefficients. Results of the CUSUM and CUSUMSQ tests are illustrated in Figure 1 . The stability test results are also summarized in the last two columns of Table 3 . As can be seen from the figure, our results support the stability of the estimated models since the plots of CUSUM and CUSUMSQ are within the critical bounds in all selected countries.
[ Figure 1 here]
Conclusion
This paper examines the factors affecting suicide in 13 European OECD countries from a socio-economic perspective. The autoregressive distributed lag to cointegration is adopted as the estimation methodology. Furthermore, the stability tests, CUSUM (cumulative sum)
and CUSUMSQ (CUSUM of squares), are applied to investigate the stability of the estimated models.
Our estimation results provide strong evidence that divorce rates and per capita real GDP have significantly increasing and reducing impacts on suicide, respectively, since their effects are confirmed in nine out of 13 selected countries. For fertility rates, the results show that its increase leads to a decrease in suicide rates in four countries and a rise in suicide rates in one country. As for per capita alcohol consumption, we obtain evidence supporting its significantly increasing effects only in three countries. Additionally, the CUSUM and CUSUMSQ tests provide us with evidence supporting the stability of the estimated models. 1. Null hypothesis: non-stationary 2. The asterisks ***, **, and * indicate the rejection of null hypothesis at 1%, 5%, and 10% of significant levels, respectively. 
